Introduction
With the publication of five randomized controlled trials in 2015, endovascular stroke therapy is shown to be highly effective within six hours of onset of acute ischemic stroke in patients with large artery occlusions. [1] [2] [3] [4] [5] Better clinical outcomes were shown to correlate with effective revascularization in acute ischemic stroke. 6 Despite increasing rates of revascularization with advances in device technology, additional efforts to establish new techniques to maximize the revascularization rates have been reported. In addition to the development of new devices, new techniques have been described to achieve better revascularization rates. [7] [8] [9] [10] We named this novel technique ADVANCE because the technique is based on advancing the distal access catheter (DAC) over the stent retriever. In this study, we aimed to report the effectiveness and feasibility of the ADVANCE thrombectomy technique.
Methods
This study was planned as a randomized prospective analysis of 67 consecutive acute stroke patients admitted to our neurology clinic with intracranial large arterial occlusions who received endovascular revascularization therapy (ERT) from January 2015 to January 2016, treated by either a standard (n ¼ 31) or the ADVANCE (n ¼ 31) thrombectomy technique. Patients were included in each group by simple randomization (toss of a coin). Patient demographic, angiographic, and clinical data were collected. This study was approved by the institutional research ethics board and the Ankara Numune Training and Research Ethics Committee. Written consent was obtained from the patients or their next of kin for participation in the study.
Patient selection
Inclusion criteria for routine clinical practice of acute stroke patients in our hospital were intracranial arterial occlusion within the anterior circulation, age limit 18-82, and baseline National Institutes of Health Stroke Scale (NIHSS) score of !6 at admission. Patients eligible for ERT within a time frame from symptom onset to treatment of 6 hours were treated with thrombectomy. All patients received intravenous (IV) tissue plasminogen activator (tPA) when eligible. Patients who had contraindication to IV tPA or presenting between 4.5 and 6 hours for anterior circulation strokes were treated with stand-alone thrombectomy.
Exclusion criteria for routine clinical practice acute stroke patients in our hospital were any intracranial hemorrhage, a cerebral infarction of a third or more of the middle cerebral artery (MCA) territory and absence of collateral circulation on computed tomography angiography (CTA) in the target territory. CTA was performed for all patients and intracranial arterial occlusion (ICA, MCA M1 or M2) was confirmed by CTA for the patients included.
Time points for groin puncture and revascularization times were recorded from time-stamped picture archiving and communication system images, and angiography nursing records.
There were five patients with vessel dissection or contrast extravasation due to microguide wire manipulation in the beginning of the procedure before advancing the DAC. In these cases, intervention was not continued and patients were transferred to intensive care unit. These patients were included for overall statistical analysis but excluded from technique-related statistical analysis as these complications occurred before advancing the DAC to the distal internal carotid artery (ICA) and were not thought to be attributed to the technique.
Imaging and clinical assessment
All angiographic images were re-evaluated by two neurointerventionalists blinded to the procedures. The degree of revascularization after treatment was defined by modified treatment in cerebral ischemia (mTICI) classification. Successful revascularization was defined as post-treatment mTICI score ! 2b.
Embolization in new territories (ENT) was defined as !1 new emboli to a territory different from the target territory and embolization of distal territories was defined as more than !1 new emboli in distal vessels beyond the thrombus in target territory.
Clinical assessments were performed at baseline with NIHSS score for assessing neurologic deficit and 90 days with modified Rankin Scale (mRS) for assessing global disability. A good functional outcome was defined as an mRS score of 0-2 at 90 days. Mortality was defined as death occurring within 90 days of initial presentation.
Symptomatic intracerebral hemorrhage was defined as presence of hemorrhage after treatment, with worsening of clinical examination by ! 4 points on NIHSS score.
A control non-enhanced CT scan was performed 24 hours after intervention or after clinical deterioration to rule out any intracranial hemorrhage. Procedural timings were taken from the angiographic records.
Endovascular procedure
The endovascular procedure was performed using femoral artery approach under local anesthesia. Heparin at a dose of 40 U/kg was administered after guiding sheath placement.
In all cases, triaxial system was used to deliver the stent retriever (Preset TM , Phenox GmbH, Bochum, Germany, Solitaire FR TM , ev3-Medtronic, Neurovascular, Irvine, CA, USA). A 6 Fr guiding catheter with an inner diameter of 0.087 inches (Destination TM , Terumo, Tokyo, Japan) was placed distally into the ICA followed by the DAC (Navien TM Intra Cranial Support Catheter with a 0.058-inch distal inner diameter, ev3-Medtronic, Neurovascular, Irvine, CA, USA) that was advanced to the distal segments of the ICA, over a microcatheter (Rebar TM Reinforced Micro Catheter with a 0.027-inch distal inner diameter, ev3-Medtronic, Neurovascular, Irvine, CA, USA) and a 0.014-inch hydrophilic guidewire (Hi-Torque Whisper MS Guide Wire TM , Abbott Vascular, Abbott Park, IL, USA).
After determining the occlusion site, a microcatheter was advanced through the thrombus distally over the microwire and superselective angiography via microcatheter was performed in order to determine the extent of the clot and to confirm that the microcatheter passed beyond the thrombus. The stent retriever was advanced and placed through the thrombus.
A DAC was used for all patients. We divided all patients randomly into two groups. In one group, we used the ADVANCE technique as described below; for the second group, we used a standard technique of pulling back the stent retriever under negative suction into the DAC, which was placed in the distal ICA.
ADVANCE technique
After placement of the guiding catheter in the ICA, a microguide wire and microcatheter were navigated and placed in the MCA distal to the thrombus. After ensuring that the microcatheter was placed distal to the thrombus, we waited for five minutes after stent deployment, then the DAC was advanced through the thrombus over the stent retriever (Figure 1 Figure 2 (d)) with continuous negative suction. When the stent retriever was totally removed, negative suction was continued through the DAC while slowly drawing back proximally. If blood flow was maintained, at least 20 ml of blood was withdrawn until no thrombus was seen in the withdrawn blood. If there was a blockade of blood flow in the DAC, then the DAC was totally removed under continuous suction. There was no technical failure in the ADVANCE group.
Statistical analysis
The continuous variables that showed normal distribution were expressed as mean AE standard deviation and the numeric variables were expressed as median (minimum-maximum). Distribution of statistical numerical variables was analyzed by the Kolmogorov-Smirnov test. Similarity between group variances was tested using the Levene test. Differences between groups in terms of numerical variables were tested by Student t test in independent groups when parametric test assumptions were met and by Mann-Whitney U test if parametric test assumptions were not met. The relation between categorical variables was analyzed using chi square or Fisher's exact test. Logistic regression analysis was used for mTICI revascularization and 90-day good functional outcome (mRS 0-2). All statistical analyses were performed using SPSS 22.0. A significant association was considered at a p value of <0.05. Figure 1(a) , the distal access catheter (DAC) is advanced till the proximal marker of the stent retriever deployed in the thrombus located in the middle cerebral artery M1 segment. In Figure 1(b) , the DAC is advanced over the stent retriever. In Figure 1(c) , the DAC is pushed forward till the stent retriever distal marker and stent retriever together with thrombus are entrapped in the DAC. In Figure 1(d) , the stent retriever is removed under negative suction without changing the position of the DAC.
Results
Sixty-seven acute ischemic stroke patients were treated by mechanical thrombectomy in a single stroke center including 35 male and 32 female patients with a mean age of 61.1 AE 12.9 (median 65 (26-82)) years. The average NIHSS score was 15.9 AE 3.9 with a median of 16 (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) . The overall successful revascularization (mTICI 2b-3) rate was 76.1% and overall 90-day good functional outcome (mRS 0-2) was 64.1%. A total of 71.6% of patients (n ¼ 48) had received IV tPA before the procedure. Demographic and clinical characteristics of all patients are summarized in Table 1 . In the ADVANCE group, the revascularization rate (p ¼ 0.005) was significantly better and number of patients with mRS 0-2 were better with a p value of 0.052. Revascularization time was shorter when compared with the standard technique group. There were no ADVANCE techniquerelated complications and no ENT and fewer embolization to distal territory. Other parameters are summarized in Table 2 . Logistic regression analysis of factors affecting 90-day functional outcome (mRS 0-2) and mTICI revascularization 2b-3 is summarized in Table 3 .
Discussion
Efforts still aim to increase the revascularization rates with new devices and techniques in endovascular treatment of patients with acute ischemic stroke. ADVANCE is the first description of a thrombectomy technique with a very high rate of revascularization with no ENT and fewer distal emboli to target territory. Figure 2 (a) to 2(c). In Figure 2(d) , the stent retriever is removed under negative suction without changing the position of the DAC. Benefits of ERT in acute ischemic stroke patients with large artery occlusion has been clearly demonstrated in recent years. 1 Thrombectomy using stent retrievers has been the established device in acute ischemic stroke with large artery occlusion. Stent retrievers for acute ischemic stroke combine two mechanisms of action as follows: The deployment of the stent retriever within the clot immediately restores blood flow and then the mesh of the stent retriever embedded within the clot serves to catch and retrieve the clot. 11 In recent stent-retriever trials, ERT has been shown to increase revascularization rates together with good neurological outcome. 12 mTICI 2b-3 rates in these studies ranged from 58.7% to 88%. With the introduction of large-bore catheters with enhanced navigability, a technique called a direct-aspiration first-pass technique (ADAPT) has been reported. 8, 9 This technique is based on engaging the aspiration catheter into the clot and removing the clot by vacuum force applied with a syringe or aspiration pump. With this technique, complete revascularization was achieved in 57% of the cases. With the ADAPT for Acute Stroke Thrombectomy (FAST) study, the rate of mTICI 2b or 3 was 78% of cases where additional stent retriever use improved the revascularization rate up to 95%. 7 Our study showed a similar revascularization rate of 87.1% in patients when the ADVANCE technique was used. Thus, for better rates of revascularization, stent retrievers and aspiration seems to be complementary rather than competitive.
Although revascularization still has a key role for determining good outcome, the rates of patients with mRS 0-2 in trials using stent retrievers and/or different techniques remain between 32% and 71%. [1] [2] [3] [4] [5] 13 In the ADAPT FAST study, despite a very high revascularization rate, patients with favorable clinical functional 
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Interventional Neuroradiology 23 (2) outcome remained at 40%, which is possibly due to long average time to groin puncture. 7 In our opinion, differences in patient selection criteria would account for this discrepancy between these trials. In our study overall good clinical outcome was achieved in 64.1% of the patients. Aspiration during stent retrieval was shown to decrease distal emboli rates, and manual aspiration with thrombectomy has been reported as a useful implementation in endovascular treatment of acute ischemic stroke. 14 Some technical revisions during stent retriever use have been suggested in order to increase efficacy and decrease distal emboli. Use of a balloon-guiding catheter and flow blockade via balloon inflation during stent retrieval may help to decrease distal emboli. 15 Analysis in The North American Solitaire Stent-Retriever Acute Stroke registry demonstrated better mTICI 3 revascularization (53.0% vs. 32.5%; p < 0.001) and higher rate of good clinical outcome (51.6% vs. 35.8%; p ¼ 0.02) with balloon-guided catheter use (vs. guide catheter without balloon) whereas distal emboli and ENT rates were not different in both groups. 16 After the use of DACs in routine clinical practice for distal intracranial vasculature, better revascularization rates with fewer distal emboli and ENT have been achieved. [8] [9] [10] Once these catheters were placed in the distal ICA, they decrease the time for recurrent passes throughout all segments of the ICA while decreasing the risk of downstream detachment of the thrombus from the stent while pulling back in the arterial lumen through a shorter distance.
ADVANCE is a nonchallenging technique that requires only advancing the DAC over the stent wire and stent retriever till the distal tip of the stent retriever in addition to standard stent retriever use. In standard technique, the stent is retrieved together with the thrombus in the arterial lumen toward the DAC, which is placed usually in the distal ICA. During this maneuver, the risk of thrombus fragmentation especially in the curvatures can lead to detachment of thrombus from the stent resulting with distal emboli either to target territory or to new territory. ADVANCE combines the aspiration with stent retriever, which provides a synergistic effect. In our technique, instead of pulling back the thrombus toward the DAC, the DAC passes beyond the thrombus and the thrombus is confined in the DAC and the stent is retrieved inside the catheter under negative suction. In our opinion, it has a role to detach the attached thrombus from the arterial wall, while passing between the stent and arterial wall and local aspiration at the thrombus site possibly promotes entrapment of the thrombus in the DAC. As the flow blockage is maintained by placing the DAC distally, theoretically flow blockade together with suction reduce distal embolization especially in distal occlusions. Also, as the DAC is placed post-ICA bifurcation, it also prevents ENT (no ENT in our study vs. a 5%-9% rate of ENT in MR CLEAN, 1 REVASCAT, 5 SWIFT 17 and TREVO 18 trials). Thus, beyond its efficacy this poses an important advantage of prevention of emboli to target territory and especially to new territory. Theoretically in distal ICA occlusions, the thrombus can stay between the catheter and vessel wall when the DAC is advanced but in practice these thrombi could be easily captured and removed without any distal emboli.
In the HERMES analysis reported in the Journal of the American Medical Association, symptom onset to groin puncture was 238 minutes (interquartile range (IQR), 180-302), and symptom onset to reperfusion was 286 minutes (IQR, 215-363). This analysis showed that each one-hour delay in reperfusion was associated with a less favorable degree of disability and less functional independence. Although procedure time was similar when compared to the HERMES analysis, time from symptom onset to revascularization was shorter in the ADVANCE group. Together with high revascularization rates with the ADVANCE technique, shorter onset to revascularization times seem to influence good functional outcome rates, which were found to be better than reported in the HERMES analysis. Although additional imaging selection using perfusion imaging or collateral imaging in three of the five HERMES trials is a strategy that maximizes trial efficiency by focusing on patient groups with the greatest likelihood of benefit, in our opinion time from symptom onset to revascularization and revascularization rates are also among the major determinants of good functional outcome. 19, 20 Technique-related complications such as dissection or extravasation were not observed in any patients while advancing the DAC, although we already had distal occlusions such as distal M1 or M2 in the ADVANCE group. This supports the safety profile of our technique.
Limitations of our study include being a singlecenter experience with a relatively small number of patients with anterior circulation ischemic strokes.
Conclusion
The ADVANCE technique is a novel, efficient and safe technique that combines local aspiration and stent retriever use in patients with acute ischemic stroke due to large vessel occlusion. Although this technique was performed with ease and without complication in our study, new multicenter trials with large patient series are needed to confirm our results.
